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Ethanol causes long-term changes in the toll-like receptor (TLR) system, promoting activation
of neuroinflammation pathways. Alcohol use during pregnancy causes neuroinflammatory processes in the fetus;
this can lead to the development of symptoms of fetal alcohol spectrum disorder (FASD). Our study has shown that
prenatal alcohol exposure (PAE) induced long-term changes in the TLR system genes (7/r3, Tir4, Ticam, Hmgbl,
cytokine genes) in the forebrain cortex of rat pups. Administration of rifampicin (Rif), which can reduce
the level of pro-inflammatory mediators in various pathological conditions of the nervous system,
normalized the altered expression level of the studied TLR system genes. This suggests that Rif can prevent
the development of persistent neuroinflammatory events in the forebrain cortex of rat pups caused by dysregulation

in the TLR system.
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INTRODUCTION

Prenatal damage of the central nervous
system (CNS) results in the development
of neurological and cognitive disorders in children [ 1-4].
Prenatal alcohol exposure (PAE) causes fetal
alcohol spectrum disorders (FASD) [5], in which
CNS disorders appear to be the most crucial ones
because the fetal CNS is one of the most sensitive
systems to maternal alcohol [5-8].

The results of recent studies indicate that
inflammatory mediators, including cytokines,
are involved in the mechanisms of regulation
of higher brain functions [9]. However, there are still
not so many publications in the world literature
devoted to the study of the state of neuroimmune
interactions in the developing brain during PAE, and
there is basically no information on the effect of PAE
on the innate immune system in the CNS.

The aim of our work was to investigate
the effect of PAE on the level of gene expression
of the innate immunity system in rats in the forebrain
cortex in the neonatal period of development
and pharmacological correction of neuroimmune
mechanisms in the brain of rat pups with PAE
by means of rifampicin (Rif). Previously, Rif showed
anti-inflammatory and neuroprotective properties
in various models of pathological conditions
of the nervous system [10—13].
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MATERIALS AND METHODS

Animals

Adult male (250-300 g, n=3) and female

(200-250 g, n=6) Wistar rats purchased from
the Rappolovo nursery (Russia) were used
in the experiment. The animals were kept

in separate plastic cages with unlimited access
to water and food. Each male was paired
with two females. The first day of pregnancy
was determined by detection of spermatozoa
in females in a vaginal smear. After detection
of spermatozoa, female rats were marked, their
body weight was determined and they were placed
in separate cages, and the countdown of the gestation
period was started.

Modeling of Prenatal Alcohol Exposure (PAE)

Pregnant rats were divided into two groups:
a group of females exposed to semi-forced
alcoholization with 15% ethanol solution as the only
source of liquid (n=3) and a control group receiving
water (n=3). There were 8-10 pups in each litter;
to continue the experiment, 6 pups per litter were left
(18 pups with PAE, 18 pups without PAE). Body
weight measurements did not reveal any significant
differences between groups of animals studied
(pregnant rats and offspring).
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Administration of Rifampicin (Rif)

Two animals were randomly selected from each
litter. During the first 7 days of neonatal development,
animals with PAE (PAE + Rif group, n=6) received
intraperitoneal (ip) injection of 50 mg/kg rifampicin
(Rif; Belmedpreparaty, Belarus). Rif was dissolved
in saline. Rat pups of the second (PAE + saline; n=4)
and the third (control; n=6) groups received
ip injections of an equivalent volume of saline during
the first 7 days of neonatal development. On day 8
of postnatal development, the forebrain cortex was
sampled and immediately frozen and stored at -78°C.

Real-Time Polymerase Chain Reaction

Total RNA was isolated using the ExtractRNA
reagent (Evrogen, Russia) in full accordance with
the manufacturer's instructions. Samples were
treated with DNase (Promega, USA). Concentrations
of the resultant RNA was measured using
an Implen NanoPhotometer P330 spectrophotometer
(Implen, Germany). The purity of the isolated
product was evaluated by the ratio A,q)/Ayg
(normal >1.8). cDNA synthesis was performed
by reverse transcription (RT) using the MMLV RT kit
(Evrogen) in full accordance with the manufacturer's
instructions in the volume of 20 pl. Polymerase chain
reaction (PCR) with real-time detection (RT-PCR)
was carried out in an Mx3005P amplifier
(Stratagene, USA) in 10 pl of the reaction mixture
containing SYBR Green MIX (Biolabmix, Russia),
a mixture of specific forward and reverse primers
(Beagle, Russia), selected using the Primer-BLAST
software (Table 1). The data obtained were normalized
to the expression level of the Gapdh gene and calculated
in relative units versus the mRNA content of the studied
reference gene (Table 1) using the 2**“ method [14].

Table 1. Sequences of primers used in this study

Statistical Data Processing

Statistical processing of results was performed
using the program Graph Pad Prizm v. 6.
Groups were compared using the Mann-Whitney
U-test for independent small datasets.
The normality of distribution was checked using
the D'Agostino-Pearson test. Differences were
considered as statistically significant at p<0.05.

RESULTS

The Effect of PAE on the Expression Level of TLR Genes

On day 8 after birth the levels of TLR3 and TLR4
mRNAs demonstrated the 1.46- and 1.75-fold increase
in the forebrain cortex of animals of the group
PAE+saline. The level of TLR7 mRNA did not change
significantly (Fig. 1). Analysis of the mRNA content
of adapter proteins (MYDS88, TICAM) (Fig. 2) and
transcription factors (NF-xB, IRF1, IRF3, IRF7)
(Fig. 3), involved in TLR-mediated signaling,
revealed a 1.73-fold increase in the TICAM
mRNA content (Fig. 2). Analysis of the mRNA content
of pro-inflammatory (IL-13, TNF-a., IL-6, IFN-y, CCL2)
(Fig. 4) and anti-inflammatory cytokines (TGF-3, IL-13,
IL-10, IL-11, IL-4) (Fig. 5) showed that on day 8
the level of the following mRNAs increased
in the forebrain cortex of animals: IL-1f (by 1.38 times),
TNF-a (by 1.54 times), IFN-y (by 1.94 times),
CCL2 (by 1.29 times), IL-13 (by 1.88 times),
IL-10 (by 3.64 times), IL-11 (by2.24 times),
IL-4 (by 1.71 times). An increased level
of HMGB1 mRNA was also noted (by 1.54 times)
(Fig. 6). This protein is known to mediate activation
of the TLR4 signaling, which leads to the expression
and secretion of pro-inflammatory cytokines.

G Primers

ene Forward (5'-3") Reversed (5'-3")
Tir3 AACTGGAGAACCTCCAAGA CACCCTGGAGAAAACTCTTT
Tir4 ACTCTGATCATGGCATTGTT GTCTCAATTTCACACCTGGA
Tir7 TGAAAATGGTATTTCCAATGTG TAAGGGTAAGGTTGGTGGTA
Hmgbl CTCTGATGCAGCTTATACGA AAAAGACTAGCTTCCCCTTG
Myd88 TCATTGAGAAAAGGTGTCGT AGTGCAGATAGTGATGAAC
Ticam GCTCAGCTAGATGATGTGAT TGACAGTGCAGACCTGG
NfxB ATACTGCTTTGACTCACTCC AGGTATGGGCCATCTGTT
Irfl CGGAAGTTACCTTCTAGCTC CGGAAGTTACCTTCTAGCTC
Irf3 AATTCCTCCCCTGGCTC CATGGGATCCTGAACTTTGT
Irf7 TTGGTTACACTATCTGTGGC CTACTGACCTCACCCAAGA
11p TGTCTGACCCATGTGAGCTG TTTGGGATCCACACTCTCCAG
Cel2 AAGATGATCCCAATGAGTCG TGGTGACAAATACTACAGCTT
110 CTGCAGGACTTTAAGGGTTA CCTTTGTCTTGGAGCTTATT
116 ACTTCACAAGTCGGAGGCTT AATTGCCATTGCACAACTCTTTTC
Tnfo CACGTCGTAGCAAACCAC TATGAAATGGCAAATCGGCT
Tgf/B GGACTACTACGCCAAAGAAG GGTTTTGTCATAGATTGCGTT
113 TGTAACCAAAAGGCCTCGGA TGGCCATAGCGGAAAAGTTG
14 CGGTGAACTGAGGAAACT TCAGTGTTGTGAGCGTGG
Ifny AGCCTAGAAAGTCTGAAGAAC ATTTTCGTGTTACCGTCCTTT
111 GGGACATGAACTGTGTTTGT GGTAGGTAGGGAGTCCAGAT
Gapdh GCCAGCCTCGTCTCATA GTGGGTAGAGTCATACTGGA
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Figure 1. The content of TLR mRNA in the forebrain
cortex of rats on day 8 of their neonatal development
(arbitrary units, mean values + SEM; * — p<0.05 versus
control, # — p<0.05 versus the PAE group).
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Figure 3. The content of mRNA of transcription
factors in the forebrain cortex of rats on day 8
of their neonatal development (arbitrary units,
mean values + SEM; * — p<0.05 versus control,
# — p<0.05 versus the PAE group).
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Figure 5. The content of mRNA of anti-inflammatory
cytokines in the forebrain cortex of rats on day 8
of their neonatal development (arbitrary units,
mean values £ SEM; * — p<0.05 versus control).
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Figure 2. The content of mRNA of adapter proteins
in the forebrain cortex of rats on day 8 of their neonatal
development (arbitrary units, mean values + SEM;
* — p<0.05 versus control).
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Figure 4. The content of mRNA of pro-inflammatory
cytokines in the forebrain cortex of rats on day 8§
of their neonatal development (arbitrary units,
mean values + SEM; * — p<0.05 versus control,
# — p<0.05 versus the PAE group).
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Figure 6. The content of HMGB1 mRNA in the forebrain
cortex of rats on day 8 of their neonatal development
(arbitrary units, mean values = SEM; * — p<0.05 versus
control, # — p<0.05 versus the PAE group).
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The Influence of Rif Administration on the Expression
Level of Genes of the TLR-Signaling Pathways

of Cytokines in the Forebrain Cortex of Animals
Subjected to PAE

Administration of Rif (50 mg/kg ip) to animals
with PAE from day 1 to day 7 of neonatal
development caused a decrease in the mRNA level
of TLR3 (by 2.23 times) and TLR4 (by 3.02 times)
to the control level (Fig. 1). No statistically significant
differences were found between the group PAE+Rif
and control. In the group PAE+RIf, no statistically
significant changes in the mRNA of the studied
adapter proteins (Fig. 2) and transcription factors
(Fig. 3) were detected versus control. However,
administration of Rif normalized the mRNA level
of the proinflammatory cytokines IL-1B (p<0.05)
and TNF-a (p<0.05) (Fig. 4), as well as the content
of HMGB! mRNA (p<0.05) to the control
level (Fig. 6).

DISCUSSION

Alcohol intake causes various changes
in the TLR signaling system in the brain
structures [15-20]. Using TLR agonists and antagonists,
as well as genetic manipulations, several groups
of researchers confirmed the fact that changes
in the activity of the TLR signaling system mediated
the development of neuroinflammation in the nervous
tissue [18, 19, 21-27].

Good evidence exists that all TLR subtypes
are expressed in the brain, starting from
the earliest stages of ontogenesis [28, 29]. Changes
in the TLR-signaling system of the brain were detected
in offspring with some prenatal pathologies [30-33].
We have hypothesized that PAE may cause
long-term changes in the TLR signaling system
in the developing brain.

The PAE modeling performed in this study
revealed increased levels of forebrain cortex
TLR3 and TLR4 mRNAs on day 8 of postnatal
development of rats subjected to PAE. We did not
detect any changes in the content of TLR7 mRNA
in the forebrain of the animals subjected to PAE.
It is possible that the TLR7 system is more resistant
to PAE in the cortex, or changes in the expression
of the Tir7 gene are less long-lasting.

Administration of Rif in our experiment
reduced the level of TLR3 and TLR4 mRNAs
in the group of animals exposed PAE to the control
level. We have chosen this compound based
on the known information about Rif effectiveness
in different models of neuroinflammation,
including the ability of Rif to reduce the level
of pro-inflammatory cytokines, the content
of B-amyloid in the model of Alzheimer's disease,
and the level of a-synuclein in the model
of Parkinson's disease [33-36].

Our study has shown that in the group
of animals with PAE, the level of HMGB1 mRNA
increased in the forebrain cortex on day 8§
of postnatal development. In the extracellular space,
the HMGBI1 protein is able to interact with
TLR2, TLR4, TLRS5, and TLR7, thus causing

activation of intracellular signaling pathways
mediated effects of these receptors [37, 38].
Administration of Rif decreased the level

of HMGB1 mRNA to control values. Determination
of the mRNA level of TLR-signaling components
showed an increased content of TICAM and IRF3
mRNAs in the forebrain cortex on day 8 of postnatal
development of animals subjected to PAE. At the same
time, in the group of animals PAE+Rif, the level
of IRF3 mRNA corresponded to the control values.

In the group of animals PAE+saline the mRNA
levels of IL-1B, TNF-a, IFN-y, and CCL2 increased.
This suggests long-term changes in gene expression
of pro-inflammatory cytokines in the developing
brain of animals subjected to PAE. However,
the molecular causes that initiate these events,
as well as the consequences of such changes (including
changes in the level of proteins encoded by these genes)
are still to be investigated. Further studies are clearly
needed to investigate whether changes in the mRNA
level of anti-inflammatory cytokine are accompanied
by changes in the corresponding protein products.

Thus, on day 8 of postnatal development
of animals subjected to PAE the increase
in the activity of neuroinflammation pathways
probably initiates activation of genes involved
in the anti-inflammatory/neuroprotective pathways.
It is likely that both the increased expression
level of proinflammatory genes and the increased
expression level of genes related to the functioning
of the anti-inflammatory/neuroprotective mechanisms
may have adverse effects on the normal course
of neurogenesis in the offspring, which may cause
formation of cognitive and other disorders associated
with the FASD formation in the future.

Administration of Rif led to a significant decrease
in the mRNA level of the key pro-inflammatory
cytokines TNF-a and IL-1B but had insignificant
effects on the mRNA levels of other cytokines
analyzed in this study. This may be due to the fact
that the dosage of Rif was insufficient to eliminate
all the changes in the expression of pro-inflammatory
cytokine genes. In addition, it can be assumed
that other molecular intracellular mechanisms
that have not been investigated yet contribute
to the dysregulation of the expression level of cytokine
genes associated with PAE.

CONCLUSIONS

Our study provided new data on the expression
state of genes of the TLR signaling system on day 8
of postnatal development in the forebrain cortex
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of animals subjected to PAE. The results of the study
showed the ability of Rif to correct the observed
long-term pathological changes in the TLR system.
A decrease in elevated levels of TLR3, TLR4, HMGBI,
IL-1B, and TNF-o mRNA in the forebrain cortex
of animals subjected to PAE was found.
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EFFECT OF RIFAMPICIN ON THE CORTEX TLR SYSTEM OF RATS WITH PAE

BJIUAHUE PUPAMIIUIIMHA HA SKCITPECCHUIO TEHOB
CUCTEMBI TOLL-MIOAOBHBIX PELEINITOPOB B KOPE INIEPEJHEI'O OTAEJIA MO3TA
KPBICAT C MPEHATAJIbHBIM BO3JIEHCTBUEM AJIKOT'OJISA

M.HU. Aapanemos**, C.0. Epecxo™, I1./]]. Henamoea', /1.A. Crabenkun’, A.A. Muxaiinosa’,
J.A. I'anvuwiuna'y, A.A. Jlebeoes’, E.P. bBviuxoé’, I1./]. Illabanoé’

"MHCTUTYT SKCIIEPUMEHTAILHON MEIUIIUHBI,

197376, Cauxt-IletepOypr, ya. Akan. [TaBnosa, 12; *a51. mouta: interleukinlb@gmail.com
*CeBepo-3anaaHblil TOCYIapCTBEHHBIN MEAULIMHCKUN yHUBepcuTeT uMenu .M. Meunukosa,
195067, Cankr-IlerepOypr, yin. Kupounas, 41
‘BoeHHo-MeunuHCKas akanemus umeHn C.M. Kuposa,

194044, Cankr-IletepOypr, yin. Akan. Jlebenesa, 6, aut. 2K

DTaHON CIYXHUT NPHYWHON IHTENBHBIX H3MeHeHHd B cucteme toll-momo6muwix pememrtopor (TLR),
CHoCcOOCTBYsI aKTMBAllMM ITyTeil HeWpoBOCHAlCHUS. YHOTPEONCHHE ajJKOToNIi BO BpeMsi OCpEMEHHOCTH BBI3BIBACT
HEMPOBOCHAUTENBHBIN TPOIECC Y TJI0/A, YTO MOXKET MPUBOAUTH K PA3BUTHIO CUMIITOMOB (DETAIBEHOTO aJIKOTOIBEHOTO
cnextpa HapymeHuit (PACH). B nHamem wuccienoBaHMM IOKa3aHO, YTO IPEHATAlbHOE BO3ACHCTBHE aAJKOTOJsL
BBI3BIBAET JIOJITOCPOYHBIC N3MEHEHHS B dKcrpeccuu reHoB cucteMbl TLR-curnanuzanwm (703, Tir4, Ticam, Hmgbl,
TCHOB IINTOKMHOB) B KOpe TMEpeAHero oraeira Mo3ra Kpeicsat. [Ipumenenme pudammunmHa (Rif), cmoco6HOTO
CHIDKaThb yPOBEHb IPOBOCHAJINTEIBHBIX MEAMATOPOB TPH PAa3NIWYHBIX IATOJOTMYECKUX COCTOSHUSX HEPBHOU
CHCTEMBbI, HOPMAaJM30BaJI0 M3MEHEHHBIH YyPOBEHb OJKcIpeccuu wuccienyemoix reHoB TLR-curnammzanuu.
OTO CBHUAETENBCTBYET O TOM, uTO Rif MOeT mpemoTBpamiarh pa3BUTHE CTOMKHUX HEHPOBOCHAJIHMTENBHBIX SIBJICHUIA
B KOp€ MepeHero oTesia Mo3ra KpbICST, BEI3BaHHBIX Aucperymnanueil B cucreme TLR.

Tonuwiii mexcm cmamuvu Ha PyccKoM s3biKe docmynel Ha cavime sxcypuana (hitp://pbmce.ibme.msk.ru).
KaroueBrbie ciioBa: Mmo3r; [1BA; ankorouns; toll-moqo6HbIe perienTopel; HeiipoBocaieHne; pupaMmiiuH
dunaHcupoBaHue. PaboTa BINoOIHEHa B paMKax TOCyIapCcTBEHHOTo 3a1anusi MuHoOpHayku Poccun (2022-2025 1T)
“ITorck MOJEKYJISIPHBIX MHIIEHEH A1 (hapMaKoJIOTHYECKOTO BO3ICHCTBUS MPH aJINKTHUBHBIX U HEHPOIHIOKPHHHBIX
HapyIICHUAX W CO3/1aHHE HOBBIX ()apMAKOIOTMYECKH AaKTHBHBIX BEIIECTB, NCHCTByommMX Ha penentopsl [THC”,

mmudp FGWG-2022-0004.
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